This study evaluates the biosurfactant activity and emulsification ability of pea proteins isolated (Pisum sativum L.). The results showed that aqueous solutions containing the pea proteins isolated (PPI) reduce the water surface tension to 47mN/m, approximately. The use of spray dryer does not change the surfactant activity of the PPI because surface tension and CMC will not change. The PPI is thermally stable and can be used in processes that require temperatures between 4°C and 80°C, as industrial processes such as baking, ice cream and other formulation. The protein isolate and pea assessed emulsions with toluene and n-heptane were stable. Emulsions castor and linseed oil were not stable under the conditions reported in this paper. Therefore, despite the pea protein isolate is a surfactant it cannot be used in any industrial process. Both the food industry and in the biotechnology industry should evaluate the conditions for application of protein isolates from pea.
INTRODUCTION
The pea (Pisum sativum) is one of the most important pulses in the world and Pea Protein Isolate (PPI) has been widely studied for its functional properties in food [1] . Its importance is due to its high protein content of 200-300 g/kg dry matter, being an important source of protein [2] . Recent developments use the pea proteins in surfactants and cosmetics [3] . Proteins from vegetable seeds are valuable for being an alternative to animal-based sources of proteins and petroleum-derived polymers and acting as biosurfactants [1, 4] . Although this is the case, investigations on non-food application of pea proteins are still scarce in the literature. Simultaneously, the increasing use of vegetable protein for human consumption has been increasingly discussed because the production is more sustainable, and may replace, at least partially, livestock ingredients, such as whey proteins [5] .
The technological uses of pea proteins as biosurfactant depend largely on studies of the physicochemical properties, which are necessary for their successful incorporation into non-food systems. In contrast to the widely studied gelation properties of pea proteins [4, 6] , their emulsifying properties, including emulsifying ability and emulsion stability, are not as broadly investigated [7] . To date only a few studies addressing the emulsifying properties of PPI have been published [7] [8] [9] .
The pea proteins are composed of 70% globulins, vicilin (7S) and legumin (11S) [5, 10] . Globulins were described as potential inducers of beneficial health effects, such as anti-carcinogenic, anti-hypertensive, hypoglycemic, hypocholesterolemic [10] . Vicilin is a kind of glycoprotein that corresponds up to 35% of the total seed protein content. This protein is structured by three 50 kDa major subunits, which are assembled to form a 150 kDa oligomer [11] . Vicilin is the most abundant protein fraction of PPI (80%) and its emulsifying properties are highly influenced by pH and heat, which may be present in industrial purification processes [12, 13] . PPI is usually produced by wet fractionation associated to isoelectric precipitation (pH 4.8), which is followed by a drying step [14] . A common drying process used in industrial applications is the spray drying, which is a well-established method for converting liquid feed materials into a dry powder when under heat [9] . Spray drying is largely used in the food and pharmaceutical industry and one of its advantages is the avoidance of microbial deterioration and reduction on the costs of storage and transport [9, 15] . During spray drying processes heat-sensitive proteins can have structural and physical modifications due to denaturation, aggregation and formation of protein complexes, which can affect functional properties [16] .
The aim of this study was to evaluate the emulsifying capacity of a pea protein isolate obtained after using the spray-dryer using different hydrophobic materials of an industrial relevance. At the same time isolated from pea protein was analyzed with respect to their surfactant activity. The results described in this article are important to give support the possible application of isolated pea protein for food industries, pharmaceutical and biotechnology.
MATERIALS AND METHODS

Pea protein isolates (PPI) extraction and spray drying
Green field pea seeds (Pisum sativum, L.) were purchased from a local supermarket. Peas were delipidated and milled from a powder to flour and protein was extracted from the milled flour in 10 volumes (v/w) of a pH 8.0 solution [13] . The solution was then precipitated by adjusting the pH to 4.5, getting precipitated protein (PPI-pellet) [17] . The PPI-pellet was analyzed for total protein content after appropriate dilution using albumin (BSA) as a standard [18] . The protein concentration of PPI was 22.81mg.mL -1 . In the sequence, the PPI-pellet was solubilized by bringing the pH solution to 7.0, followed by spray drying then obtaining the PPI-dried. Spray-drying was performed with a Mini Spray-dryer Büchi 190 (Büchi Laboratoriums Technik Flawil, Switzerland) with co-current operation: inlet and outlet temperature of 180 ºC and 88 ± 2 ºC, respectively, 0.7 mm nozzle and pump setting 6 mL/min. A cyclone was used to collect the powder which had a yield of 53 ± 6% for PPI-dried. Powders were stored in closed containers within desiccators, while PPIpellets were stored in an ultra-freezer at -80ºC until analysis were conducted. PPI-pellet and PPI-dried was evaluated by scanning electron microscopy (SEM) using a Quanta 200 FEI microscope.
SDS-PAGE analysis
SDS-PAGE was performed according to Laemli (1970) methods [19] . The continuous and stacking gels were composed of 15% and 4% acrylamide respectively. The sample loading buffer contained 0.05 M Tris-HCl (pH 6.8), 15% (v/v) glycerol, 0.025% bromophenol blue and 2% SDS (w/v). β-mercaptoethanol was added to the loading buffer immediately prior the utilization. Proteins bands were stained with Coomassie Brilliant Blue R.
Surface and Interfacial Tension Measurements
The surface tension measurements were carried out on a tensiometer Krüss K100, using the Wilhelmy plate method. The PPI-pellet and PPI-dried were dissolved in deionized water at a concentration of 3g.L -1 .A shaker was used and the solution was adjusted to pH 9 using a NaOH solution buffer. After, PPI-pellet and PPI-dried solutions were analyzed by the tensiometer Krüss K100, and the critical micelle concentration (CMC) was calculated [20] . Analyses of interfacial tension were performed using Krüss tensiometer DSA100 at 25°C. This method drops the solutions of both PPI-pellet and PPI-dried, which were prepared at a concentration of 0,3 g.L -1 at pH 9. To measure the surface tension at different temperatures, PPI-pellet and PPI-dried were prepared at a concentration of 1 g.L -1 at pH 9. The samples were then analyzed for 20 minutes at 4 different temperatures: 4°C, 25°C, 60°C and 80°C. They were then cooled from 80 o C to 4 o C following the same path. The samples were stored in the refrigerator and reanalyzed the following day. The surface tension measurements at different temperatures were carried out using a tensiometer Krüss K100 by the Wilhelmy plate method.
Emulsion stability
The emulsions were prepared by mixing 50% water containing PPI-pellet or PPI-dried (0,3 g.L -1 ou 1 g.L -1 ), pH7 or pH9 and 50% of hydrocarbon (w/w). The samples were sonicated by an ultrasound probe (Sonics model VCX750) for 4 minutes with amplitude of 40%. Following this 20 ml of sample was added to a flask for analysis of the stability of the emulsion in the Turbiscan TLAB. The emulsion stability was analyzed at room temperature by laser profiling using the Turbiscan TLAB from Formulaction ®. This technique allows the scanning of transmitted and scattered light of flasks containing emulsions or suspensions in various positions along the sample height. The measurement result is the light transmission and backscattering profile from the sample in function of the height of the tube (mm), from the bottom to the top of the tube [21] .
RESULTS AND DISCUSSION
The SDS-PAGE analysis showed a molecular mass range of 7S storage proteins in samples 1, 2 and 3, which is in agreement with data previously in the literature (Fig. 1) [22] . In addition to the main 50 kDa band, preparations of purified pea vicilin contained additional bands of 38 and 33 kDa and minor bands of 23 kDa. All of these bands result from posttranslational proteolytic processing of the intact 50 kDa vicilin subunit [23, 24] . This results in modification of the surface tension of water by loss of disulfide bonds and change in structure [20, 25] . Thus, protein isolates could be incorporated into products which have neutral or basic pH. In the food industry could be used in baking, diet drinks and desserts. In the biotechnology industry, the protein isolates may be used to produce compounds nutriceuticals. In other industrial processes should be observed pH change, because the vicilin precipitate in pH <7, becoming insoluble [13] . Thus, all solutions were prepared at pH 9 in order to avoid precipitation and study the characteristics of PPI-pellet and PPI-dried as its possible action surfactant.
The surface tension measurements of the PPI-pellet and PPI-dried solutions show that the samples have characteristics of surfactants. That is because there were able to lower the surface tension of water to 72mN/m to 47mN/m (Fig. 2) . Compared with the traditional surfactants, the minimum surface tension of 47 mN/m is quite high. However the application of the PPI in the pharmaceutical and food industries because it has variety of amino acids in composition, such as lysine, leucine, isoleucine, threonine, valine, phenylalanine, arginine, and histidine [13] .
As shown in Fig. 2a , the critical micellar concentration of PPI-dried and PPI-pellet was nearly similar (0,24 g.L -1 ; 0,23 g.L -1 ). These values may be attributed to concentration of vicilin, which was the same in both samples. Therefore, this result suggests the spray drier does not interfere with the properties of the protein, as shown in Fig. 2b : the variation of the surface tension of PPI-dried in aqueous solution at pH 9 with the temperature. The results suggest that the heating and cooling did not alter the surfactant properties of the PPI-dried. The experiments used to evaluate interfacial tension between oil and water (with or without surfactants) can contribute to the characterization of PPI-pellet and PPI-dried. As shown in Fig. 3 , the interfacial tension of solutions containing PPI-dried or PPI-pellet was then compared with toluene, heptane, castor oil and linseed oil. The PPI-dried and PPI-pellet presented the same behavior towards the reduction of interfacial tension. Both the castor oil/water system and linseed oil/water, and the addition of the PPI, did not change interfacial values. The interfacial tension of water in toluene decreased from 50.2 mN/m to 32.1 mN/m in water, while heptane was reduced from 32.1 mN/m to 19.7 mN/m. The PPI was able to reduce the interfacial tension of the hydrocarbons with water, but was not able to lower the interfacial tension of water with linseed oil or castor oil. This probably occurred because hydrocarbons are nonpolar molecules of single-stranded, while oils have several molecules with polar and nonpolar chains. The molecules often have charges, and may be experiencing some incompatibility between charged molecules and PPI existing molecules in castor oil and linseed oil [26] [27] [28] . These results suggest that, PPI can interact and stabilize an emulsion containing toluene and n-heptane. However, for emulsions with linseed or castor oil, PPI pellet or dried, cannot be recommended, despite the low interfacial tension.
The emulsions of PPI have been studied to formulate oil-in-water nanoemulsions [25, 29] . However, there are no studies to date that describe the capability of these compounds to reduce the surface or interfacial tension of aqueous and hydrophobic solutions.
The toluene/water emulsions were stable for at least 20 days at room temperature when added PPIdried or PPI-pellet in different concentrations. As shown in Fig. 4 , the analysis using the Turbiscan show that, after 20 days, emulsions could be kept with 60% of emulsification. The stability of emulsions toluene and nheptane were stable for 20 days with a percentage higher than 60% of emulsification ( Fig. 4a and 4b) . The emulsions of castor oil and linseed oil in aqueous solution showed no stability, and phase separation occurred within the first 24 hours. Thus, it was not possible to evaluate the stability of emulsions with castor oil and linseed oil in such formulations. The technique IE24 is used for emulsification evaluation [30] . This technique is a visual method and did not accurately assess the stability of emulsions. The analysis with the Turbiscan is more detailed than the technique IE24, because it uses the backscatter of light incident on the sample. The analysis of backscatter or "backscattering" (BS(t)) allows to verify more reliably the percentage of emulsification and analyze the behavior of emulsions to determine coagulation, flocculation, coalescence and establish the size of the micelles or vesicles particles formed in the sample [20] .
The variation of the backscattering Turbiscan is an important tool for detailed checking of emulsion stability. It can evaluate phase separation time based on turbidity of each sample. In Figure 5 , it can be observed that the emulsions containing toluene and n-heptane remained constant during the twenty days, but varied according to the degree of turbidity (BS(t)) when compared.
The PPI-toluene emulsions varied in turbidity when increasing the concentration to 1 g.L -1 of PPI. As shown in Fig. 5a , this variation may be associated with the increased size of vesicles or micelles of toluene in water. Fig. 5b shows the behavior of the emulsion PPI-toluene was different from the emulsion PPI-nheptane. The emulsions PPI-n-heptane apparently did not change, which suggests that the PPI concentration does not interfere with the turbidity of the system. Toluene is an aromatic molecule while the n-heptane is a single chain molecule. This may influence the mobilization and structure of the vesicles and micelles to form an emulsion in generating variation in turbidity. Physico-chemical properties of the proteins are changed according to the type of solvent and parameters such as pH, ionic strength, temperature [5] . Solvents may induce destabilization of native structure of the protein and irreversible molecular rearrangements. These changes may allow gelation of globular proteins and change the emulsifying properties. The emulsions of castor oil were presented gelified after 20 days when observed with the naked eye (Supplementary Material).
The analysis with Turbiscan shows that the backscattering and turbidity of the samples are associated with the size of the micelles and vesicles formed in the PPI emulsions (Fig. 6 ). All emulsions have in their formulation particles with average size less than 150nm. The small size changes in the emulsions of PPItoluene were due to the hydrodynamic system mobility. The emulsions PPI-toluene and PPI-n-heptane have micelles or vesicles with a size between 50nm to 150nm. The type of hydrophobic solution (toluene and nheptane), and concentration and type of PPI produced influenced this variability. These results may be useful for formulations containing PPI requiring nanometric size stable particles. 
CONCLUSION
Little information is available in the literature on the physico-chemical characterization of legume extracts, especially pea seed fractions, for emulsion processes. The pea protein isolate can be considered a biosurfac-tant, because it reduces the surface tension of water. The result with PPI in solution suggests that PPI can be used as surfactant in processes that require cooling or heating. This study demonstrated that physical form (dried or pellet) had no influence in the surfactant property of PPI. It is then considered that the drying process by spray drying does not interfere with the PPI properties as a surfactant. Thus, the pea protein isolate can be incorporated into industrial products (as a biosurfactant) as food industry and biotechnology since the pH is neutral or basic and emulsion type to be used.
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